The increasing availability of digital images, video, and audio has created exciting new research challenges on the organization of multimedia data for a variety of purposes. While some of these challenges relate to computational techniques (e.g., automatic extraction of visual features for automatic indexing of visual data), others are conceptual in nature (e.g., design of templates for manual indexing of visual data). The key issues are what to index from the data, how to perform the indexing of the data, and how to organize the indices obtained. The indices used to describe content as well as the organization of those indices have a tremendous impact on applications, particularly on large digital libraries where different types of media need to be stored and accessed. Relevant efforts in this direction include the emerging MPEG-7 standard [5], which aims at standardizing tools for describing multimedia data.
In this workshop, we will present experiments we have performed for MPEG-7 [1] [6] in indexing and retrieving images using structures we have developed to facilitate indexing and to organize different types of attributes. For indexing the images, we have used a template developed by one of the authors [1] , which provides a framework for manually indexing visual content. The template has been mapped to a ten-level pyramid that was developed independently by the other authors [1] (see ANNEX). The ten-level pyramid ( fig. 1 ), which draws on research in different fields such as cognitive psychology and content-based retrieval, can be used to classify attributes obtained from images, video, or audio. Although the indexing template was developed independently of the pyramid, we found that the mapping between the two structures was intuitive and worked well in practice. In particular, we found that the template is very useful in guiding the indexing process, and that the pyramid is very useful in organizing the attributes obtained using the template. The pyramid ( fig. 1 ) distinguishes between syntactic (first four levels) and semantic attributes (next six levels). The syntactic levels hold attributes that describe the way in which the content is organized, but not its meaning. In images, for example, type could be "color image". Global distribution holds attributes that are global to the image (e.g., color histogram), whereas local structure deals with local components (e.g., lines and circles), and global composition relates to the way in which those local components are arranged in the image (e.g., symmetry). The semantic levels, on the other hand, deal with the meaning of the elements. Objects can be described at three levels: generic -every day objects (e.g., person), specific -individually named objects (e.g. Bill Clinton), and abstract -representing emotions (e.g., power). In a similar way, a scene can be described at these 
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Semantics three levels (see ANNEX for examples). The same pyramid structure can also be applied to audio and video [1] [2] .
We have performed experiments in which several participants manually annotated 700 images collected randomly from the World Wide Web. The images were annotated using the template or the pyramid as starting points. Once the annotations were completed, two web-based search engines were constructed, one to automatically retrieve images by specifying keywords and a pyramid level, and another one to retrieve images using keywords only (no pyramid level). In the set of experiments reported we show that organizing the attributes with the pyramid helps users search for images. In particular, we found that maintaining recall (i.e., percentage of correct images that were retrieved) at 100%, precision (i.e., percentage of returned images that are correct) drops if the pyramid structure is not used in the retrieval (table 1) . We maintain 100% recall by specifying the appropriate pyramid level when we perform the corresponding query. Since the pyramid level is specified in the query, all returned images contain the query keyword at the specified level, and no errors occur. For example, a "clouds"+"generic object" query returns only images that have that annotation at that level (precision is 100%), and it returns all of them (recall is 100%). When the level is not specified, errors occur because often the same terms are used to describe images at different levels. For example, a user searching for "clouds" objects will get non-cloud images if he/she does not use the pyramid (with the generic object level specified). Using the free text query, images with the abstract annotation "clouds" could be returned (producing errors, and therefore reducing precision) since the system would not know what level of indexing the user is referring to. This demonstrates the importance of classifying the attributes at multiple levels using our structures. Table 1 . Precision results maintaining a 100% recall for some indexing terms assigned by the participants of the experiment.
Although the indexing structures we have developed have worked well in our experiments, there are still open issues and room for possible improvements. The amount of indexing required for multimedia data (i.e. number of attributes at different levels of the pyramid or a similar structure) is highly dependent on the target application and specific content being used. Abstract levels, for example, may not be needed if a database of company logos is being indexed. Structures like the ones we have developed are very useful because they allow a selective and recursive organization of attributes. The pyramid, for example, can be applied to an entire image or part of an image. The question regarding what to index, however, remains a difficult one. In that sense, these types of structures can help identify relevant content indexing dimensions. Other issues include the subjectivity of indexing and retrieval, and the integration of automatically/manually extracted features in describing visual content. In our current work for MPEG-7, we are extending the presented experiments to video and audio [2] indexing and retrieval.
